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1. Purpose
1- To provide multiparametric MRI and genetic characterization of the Gl261 mouse model of HGG.
2- To evaluate and validate MR imaging methods as non-invasive biomarkers of gene expression in an
animal model of HGG.
2. Material and Methods
10 Gl261 cells diluted in 10ul of culture media were orthotopically implanted in the putamen of 76
adult CD1 mice using a stereotactic device (Kopf streotaxic instrument 9000LS) with the following
coordinates: 2mm lateral to the superior sagittal sinus (SSS), 2mm anterior to the bregma and 3mm
deep.
Serial MR studies were performed in a 7T Varian Pharmascan (Bruker) at 4 day intervals after
implantation. MR protocol included pre and post-contrast axial and coronal T1W (MSME, TR=336.7ms;
TE=10.6ms; FA=180°; NEX=2 ), axial and coronal T2W (RARE, TR=3000ms; TE=60ms; FA=180°; NEX=2),
axial T2*W (MGRE, TR=300ms, TE=11.3ms; FA=30°, NEX=4), DWI (EPI, 3 directions, 3 b values: 100, 400
and 1000mm2/s, TR=3000ms, TE=51.1ms, FA=90°, NEX=4) and DSC-PWI after administration of a 250ul
bolus injection of gadopentate of dimeglumine (Magnevist 0.1 mM), via tail vein cannulation after a 10
sec delay and followed by 20ul saline flush, (EPI, TR=250ms, TE=7.1ms, FA=30°, with a 10s delay.
Longitudinal parametric maps and histograms of T2*, ADC, CBF, CBV and MTT were acquired using an
in house built software (MyMap analyser) working on a MatLab platform and Image J, by manual
delineation of a ROI encompassing the larger tumor section (Fig. 1 A-D). Mice weight, maximum tumor
diameter and the product of the 2 largest tumor diameters were also obtained.
Upon development of morbid, neurological signs or a weight loss over 15%, mice were sacrificed
using a dedicated high power microwave device. Tumors and corresponding normal contralateral
brain were excised for RNA extraction (RNeasy Kit) and RT qPCR (7900HT Real-Time PCR Applied
Biosystems) to evaluate gene expression modules of angiogenesis (VEGF-A; VEGFR2); hypoxia (HIF1α,
CA9, Glut3); metabolism (HK2; IDH1); proliferation (EGF, EFFR, IGFBP2); blood brain barrier (BBB)
integrity (CD51 or integrin α5; CDH5 or VE cadherin, CD71); apoptosis (Caspase 3 and 9, BIRC5 or API4);
cell adhesion (Galectin, NCAM, VCAM); invasion/ migration (MMP13, c-Met, CXCL12, CXCR4, NHERF1)
and neural stem cell markers (CD133 or prominin1, SOX1, Nestin) using a total of 28 comercially
available TaqMan probes (Applied Biosystems).
For the quantification of gene expression we have used the cycle threshold method, with the normal
contralateral brain as calibrator for each tumor sample and 18S, HPRT1 and RPLO as housekeeping
genes.
The MR data set collected on the last study before sacrifice was correlated with gene expression
modules of proliferation, angiogenesis, hypoxia, invasion and migration, using Pearson’s and
Spearman’s correlations (SPSS statistics.softronic.com/).
Fig. 1
Fig 1- T2* maps and histograms of a representative mouse over time. A) Manually delineated ROI
encompassing the largest tumor section (green outline). B) Color coded pixel based T2* signal
intensity map within the pre-defined ROI. C) Non-linear fitting of signal intensity (red line) versus TE
(blue line) of a representative pixel. D) Serial T2* histograms (at the 1st, 2nd and 3rd weeks)
showing the temporal variation of T2* values with tumor progression.
3. Results
All tumors developed typical features of HGG including infiltration, disruption of the BBB, areas of
necrosis and mass effect (Fig. 2). Mice weight decreased over time with an exponential decrease seen
between the 2  and 3  weeks after tumor implantation (Fig. 3). Tumor size increased exponentiallynd rd
over time with a growth burst seen between the 2  and 4  weeks (Figs. 4a and b).nd th
MR imaging characterization of this model over time showed a progressive increase in ADC values due
to tumor necrosis followed by increasing edema secondary to increasing CBV and neovessel
permeability (Fig. 5a) ; slight decrease in T2* values until week 3, increasing afterwards coinciding with
the angiogenic shift (Fig. 5b); progressively increasing CBV and MTT after week 2 due to
neoangiogenesis (Figs. 5c and d) and only a small fluctuation on CBF which increases only slightly
after the 2  week 2 (Fig. 5e).nd
Most striking findings of gene expression profiling include a significant overexpression of LGAL3,
BIRC5 (AIP14), Nestin, MMP13, HK2, CA9, Casp3 and VEGFA (Figs. 6 and 7).
Statistically significant correlations (Pearson and Spearmann correlations) were found between mADC
and EGF, IDH  and IGFBP genes; between mT2* and GLUT3 gene  between mCBF and mCBV with1 ,
VEGF-A, VEGFR2, HIF1α, GLUT3  EGF, EGFR  CDH  (VE-chaderin), IDH1  IGFBP2, CD71 (TfR1) genes and, , 5 ,
between MTT and VEGF-A, VEGFR2, EGF, CD51 (integrin), BIRC5(AIP14),CDH5andCA9 genes  Similarly,.
important correlations were found between the expression of the genes investigated (Fig. 8)
Fig. 2
Fig. 2- Axial post-gadolinium T1W image and axial T2W image show a large contrast-enhancing
neoplasm, with small non-enhancing foci corresponding to necrosis and mass effect.
Fig. 3
Fig. 3- Graph plotting mean mice weight (in gr) over time (in weeks post implantion).
Fig. 4a
Fig. 4a- Graph plotting mean maximum tumor diameter (in mm) over time (in weeks after
implantation).
Fig. 4b
Fig. 4b- Graph plotting mean product of the 2 maximum tumor diameters (in mm2) over time (in
weeks after implantation).
Fig. 5a
Fig. 5) Barplots of (a) ) mean ADC values (in µm2/s), (b) mean T2* values (in ms), (c) mean CBF
values (in ml/100gr/min), (d) mean CBV values (in ml/100gr) and (e) mean MTT values (in s) over
time (expressed in weeks post-implantation).
Fig. 5b
Fig. 5) Barplots of (a) ) mean ADC values (in µm2/s), (b) mean T2* values (in ms), (c) mean CBF
values (in ml/100gr/min), (d) mean CBV values (in ml/100gr) and (e) mean MTT values (in s) over
time (expressed in weeks post-implantation).
Fig. 5c
Fig. 5) Barplots of (a) ) mean ADC values (in µm2/s), (b) mean T2* values (in ms), (c) mean CBF
values (in ml/100gr/min), (d) mean CBV values (in ml/100gr) and (e) mean MTT values (in s) over
time (expressed in weeks post-implantation).
Fig. 5d
Fig. 5) Barplots of (a) ) mean ADC values (in µm2/s), (b) mean T2* values (in ms), (c) mean CBF
values (in ml/100gr/min), (d) mean CBV values (in ml/100gr) and (e) mean MTT values (in s) over
time (expressed in weeks post-implantation).
Fig. 5e
Fig. 5) Barplots of (a) ) mean ADC values (in µm2/s), (b) mean T2* values (in ms), (c) mean CBF
values (in ml/100gr/min), (d) mean CBV values (in ml/100gr) and (e) mean MTT values (in s) over
time (expressed in weeks post-implantation).
Fig. 6
Fig. 6) Log10 bar plot of mean RQ values of 28 different genes of all mice (n=9) using normal
contralateral brain as calibrator and 18S ribosomal RNA as endogenous housekeeping gene. Bars
above zero correspond to genes that are overexpressed in the tumor compared to normal brain
and those below the zero line correspond to genes that are underexpressed.
Fig. 7
Fig 7) Bar plot of Annova bivariate analysis showing the most significant differences in gene
expression between tumors and normal brain.
4. Conclusion
We provide and extensive MRI and genetic characterization of the Gl261 mouse model of HGG And
correlations thereof. Significant correlations were found between MR parameters (mADC, mT2*, mCBF,
mCBV and mMTT) and different modules of gene expression, making it possible to infer the genetic
alterations from a single non-invasive, phenotypic, MRI measurement.
5. Mediafiles
Fig. 1
Fig 1- T2* maps and histograms of a representative mouse over time. A) Manually delineated ROI
encompassing the largest tumor section (green outline). B) Color coded pixel based T2* signal
intensity map within the pre-defined ROI. C) Non-linear fitting of signal intensity (red line) versus TE
(blue line) of a representative pixel. D) Serial T2* histograms (at the 1st, 2nd and 3rd weeks)
showing the temporal variation of T2* values with tumor progression.
Fig. 2
Fig. 2- Axial post-gadolinium T1W image and axial T2W image show a large contrast-enhancing
neoplasm, with small non-enhancing foci corresponding to necrosis and mass effect.
Fig. 3
Fig. 3- Graph plotting mean mice weight (in gr) over time (in weeks post implantion).
Fig. 4a
Fig. 4a- Graph plotting mean maximum tumor diameter (in mm) over time (in weeks after
implantation).
Fig. 4b
Fig. 4b- Graph plotting mean product of the 2 maximum tumor diameters (in mm2) over time (in
weeks after implantation).
Fig. 5a
Fig. 5) Barplots of (a) ) mean ADC values (in µm2/s), (b) mean T2* values (in ms), (c) mean CBF
values (in ml/100gr/min), (d) mean CBV values (in ml/100gr) and (e) mean MTT values (in s) over
time (expressed in weeks post-implantation).
Fig. 5b
Fig. 5) Barplots of (a) ) mean ADC values (in µm2/s), (b) mean T2* values (in ms), (c) mean CBF
values (in ml/100gr/min), (d) mean CBV values (in ml/100gr) and (e) mean MTT values (in s) over
time (expressed in weeks post-implantation).
Fig. 5c
Fig. 5) Barplots of (a) ) mean ADC values (in µm2/s), (b) mean T2* values (in ms), (c) mean CBF
values (in ml/100gr/min), (d) mean CBV values (in ml/100gr) and (e) mean MTT values (in s) over
time (expressed in weeks post-implantation).
Fig. 5d
Fig. 5) Barplots of (a) ) mean ADC values (in µm2/s), (b) mean T2* values (in ms), (c) mean CBF
values (in ml/100gr/min), (d) mean CBV values (in ml/100gr) and (e) mean MTT values (in s) over
time (expressed in weeks post-implantation).
Fig. 5e
Fig. 5) Barplots of (a) ) mean ADC values (in µm2/s), (b) mean T2* values (in ms), (c) mean CBF
values (in ml/100gr/min), (d) mean CBV values (in ml/100gr) and (e) mean MTT values (in s) over
time (expressed in weeks post-implantation).
Fig. 6
Fig. 6) Log10 bar plot of mean RQ values of 28 different genes of all mice (n=9) using normal
contralateral brain as calibrator and 18S ribosomal RNA as endogenous housekeeping gene. Bars
above zero correspond to genes that are overexpressed in the tumor compared to normal brain
and those below the zero line correspond to genes that are underexpressed.
Fig. 7
Fig 7) Bar plot of Annova bivariate analysis showing the most significant differences in gene
expression between tumors and normal brain.
